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Substituted Stilbenes and Their Reactions 
Field of the Invention 

The present invention relates to novel compounds, and more particularly to stilbene 
5 and quinone compounds related to combretastatin A-4 and their possible use as 

anticancer compounds and prodrugs. In further aspects, the present invention relates 
to die photochemical reactions of some of these compounds, in the photochemical 
isomerisation of the compounds and/or the photochemical release of an active 
compound from a protected compound (prodrug). 

10 

Background of the Invention 

The stilbene cis-comhretastatin A-4 Z- 1, isolated from the African bush willow, 
Combretum caffrum shows exciting potential as an anticancer agent, binding strongly 
to tubulin and displaying potent and selective toxicity toward tumour vasculature (US 
15 Patent No:4,996,237, Arizona Board of Regents, Pettit ets3,Experimentia, 1989 ,45, 

209; Lin et al. Mol. Pharmacol, 1988, 34, 200; Grosios et al, Brit. J. Cancer, 1999, 
81, 1318; Lin et al. Biochemistry, 1989, 28, 6984; Woods et al, Brit. J. Cancer, 
1995, 71, 705; McGown et al. Cancer Chemother. Pharmacol., 1990, 26, 79; El- 
Zayat et al, Anti-Cancer Drugs, 1993, 4, 19; Dark et al. Cancer Research, 1997, 57, 
20 1829.). 




'OR 

OMe 

Z- 1. R = H 

Z-2, R = P(0)(ONa) 2 




C/s-combretastatin A-4 Z-\ is able to inhibit cell growth at low concentrations (IC^ 
P388 murine leukaemia cell line 2.6 nM). The potency of /rany-combretastatin A-4 
25 E-l is much lower and inhibits cell growth in the pM range. Arguably, it is the ability 
of Z-l and Z-2 to destroy tumour blood vessels, effectively starving tumours of 




T 



WO 02/50007 PCT/GB01/05702 

nutrients, which makes them such exciting molecules. Tumour vasculature and the 
formation of neovasculature were first identified as a target for cancer therapy by 
Judah Folkman some 30 years ago. The work of Folkman and others has clearly 
identified angiogenesis and blood supply as necessary requirements for primary 
5 tumour growth, invasiveness and metastasis. It is now becoming clear that the 
selective destruction of tumour vasculature will have a significant impact on the 
clinical treatment of cancer. Angiogenesis is subject to a complex process of 
regulation and thereby offers a multitude of molecular targets for drug design. 

10 The use of Z-l as a clinically useful anticancer agent has been severely hampered by 
its poor water solubility (Brown et al, J. Chem. Soc., Perkin Trans. 1, 1995, 577). 

The phosphate salt Z-2 is more soluble in water than Z-l and is soon to enter phase II 
clinical trials (Pettit et al, Anti-Cancer Drug Des., 1995, 10, 299). Nevertheless, both 
. Z-l and Z-2 are not targeted towards cancer cells and their therapeutic efficacy would 
15 be improved if their selectivity were better. The low solubility of cis-combretastatin 
A-4 in water and saline has led to attempts in the art to make related compounds or 
prodrugs which retain the activity of cis-combretastatin A-4 as an anticancer agent and 
which have enhanced solubility. These attempts focus on forming salts or derivatives 
at the phenolic hydroxyl group of combretastatin. By way of example, US Patent No: 
20 5,56 1 ,1 22 (Arizona Board of Regents) discloses the sodium and potassium salts of 

cw-combretastatin A-4 and a hemisuccinic acid ester derivative, and WO99/35150 
(Arizona Board of Regents) discloses the lithium, caesium, magnesium, calcium, 
manganese and zinc salts of czr-combretastatin A-4, and ammo nium cation salts with 
imidazole, morpholine, piperazine, piperidine, pyrazole, pyridine, adenosine, 

25 cinchonine, glucosamine, quinine, quinidine, tetracycline and verapamil. 

At the molecular level, both compounds target tubulin, binding strongly at or close to 
the colchicine (3) binding site, preventing polymerisation of a,P-tubulin heterodimer 
to microtubules. Their inhibition of microtubule formation prevents mitosis and is 
30 important in disrupting the growth of new vascular epithelial cells. In addition, 

disruption of the intracellular microtubule networks by combretastatin A4 leads to the 
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destruction of microvessels within the tumour. This antivascular activity offers 
exciting therapeutic possibilities as the destruction of microvessels results in the death 
of all tumour cells which depend on the vessel for nutrients and oxygen. The multi- 
functional role of tubulin in both healthy and cancer cells highlights the need for 
5 selectively targeted chugs. 

We have previously investigated the tubulin-binding properties of agents related to Z- 
1 and 3 and as part of this effort, we have designed many related compounds that 
behave in a similar fashion to Z-l (Ducki et al, Bioorg. Med Chem. Lett., 1998, 8, 

10 1051; Zhao etal, Eur. J. Nuc. Medicine, 1999, 26, 23 1 ; Aleksandrzak et al, Anti- 

Cancer Drugs , 1 998, P, 545). However, it remains a problem in the art in designing 
effective compounds and especially those which can be selectively targeted. 

Summary of the Invention 

15 In a first group of aspects, the present invention relates to novel compounds and more 
particularly to stilbene and quinone compounds related to combretastatin A-4. The 
synthesis of new compounds is disclosed herein, together with experiments 
demonstrating their activity in vitro and in vivo, supporting their use as anticancer 
compounds and prodrugs. The compounds include those with an alkyl group on the 
20 double bond of cis or bmr-stilbenes, compounds with one or more (and preferably 2 
or 3) alkyl group substituents on the stilbene A ring, compounds with an alkoxy group 
other than methoxy at position 3, 4, and/or 5 of die stilbene A ring, compounds (or 
prodrugs) in which BOC amino acid esters are formed with the phenolic hydroxy 1 at 
the 3-position of the B ring and compounds (or prodrugs) based on a benzoquinone B 
25 ring. 

In a further group of aspects, the present invention relates to the photochemical 
reactions of stilbene compounds, either the above compounds disclosed for the first 
time herein or compounds based on prior art stilbenes. These reactions include the 
30 photochemical release of an active form of the compound from a prodrug conjugate 
and the photochemical isomerisation of the compounds, especially from a trans to cis 
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form of compounds. The reactions can be used alone or in combination to convert 
inactive or comparatively less active forms of the compounds to more active forms, 
thereby allowing the compounds to be selectively targeted, e.g. activating them at the 
site of a tumour. 

5 

Accordingly, in a first aspect, the present invention provides a compound represented 
by the structural formula: 



R 2 
X 

R 1 

10 wherein: 

X is selected from hydroxyl, nitro, amino, aryl, heteroaryl, alkyl, alkoxy, CHO, 
COR, halogen, haloalkyl, NH 2 , NHR, NRR’, SR, CONH 2 , CONHR, CONHRR’, O- 
aryl, O-heteroaryl or O-ester; 

R, is selected from alkyl, CHO, alkoxy, NH 2 , NHR, NRR’, SR, CF } or 
15 halogen; 

R 2 and R 3 are independently selected from hydrogen, alkyl, alkoxy, hydroxyl 
NH 2 , NHR, NRR’, SR, haloalkyl or halogen; 

R* and R5 are independently selected from hydrogen, alkyl, CH 2 NHCOR” or 
CHjCONHR”; and, 

20 R«, R 7 and R g are independently selected from hydrogen, alkyl or alkoxy; 

or a salt or derivative thereof. 

In all aspect of the invention, preferably, the substituents are chosen according to the 
following lists of preferred groups. 

25 

Preferably, alkyl or alkoxy substituents are substituted or unsubstituted C,., 0 alkyl or 
alkoxy groups. In either case, the alkyl chain can be straight chain or branched. 
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Preferred alkyl substituents are methyl or ethyl. Preferred alkoxy substituents are 
methoxy or ethoxy. 

Halogen substituents can be fluorine, chlorine, bromine or iodine, and are preferably 
fluorine. Preferably, the haloalkyl groups are fluoroalkyl, and most preferably is a CF 3 
group. 

Preferably, the O-ester group is represented by the formula O-phosphate, OCO-alkyl, 
OCO-aryl, OCO-heteroaryl, OCO-amino acid, OCO-peptide, OCO-polymer, OCO- 
sugar or OCO-CHR-NH-BOC, where BOC represents a t-butoxycarbonyl group. 

As used herein, preferably R and R’ are substituted or unsubstituted C,. I0 alkyl groups. 
R” is preferably selected from substituted or unsubstituted alkyl (e.g.C M0 ), aryl or 
heteroaryl groups. 

In a further aspect, the present invention provides compounds in which there are one 
or more alkyl groups present on the double bond linking the stilbene A and B rings. 
Thus, in this aspect, the present invention provides compounds represented by the 
structural formula: 




wherein: 

the zigzag line indicates that the compound can be cis or trans’, 

X is selected from hydroxyl, nitro, amino, aryl, heteroaryl, alkyl, alkoxy, CHO, 
COR, halogen, haloalkyl, NH 2 , NHR, NRR’, SR, CONH* CONHR, CONHRR’, O- 
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5 



10 



15 



20 



25 



aryl, O-heteroaryl or O-ester; 

R, is selected from alkyl, CHO, alkoxy, NH 2 , NHR, NRR’, S, CF 3 or halogen; 
R 2 and R 3 are independently selected from hydrogen, alkyl, alkoxy, hydroxyl, 
NH 2 , NHR, NRR’ , SR, haloalkyl or halogen; 

R 4 and R^ are independently selected from hydrogen, alkyl, CH 2 NHCOR” or 
CH 2 CONHR”; and, 

Rfi, R 7 and F* are independently selected from hydrogen, alkyl or alkoxy; 
wherein at least one of the substituents R, and Rj is an alkyl group, 
or a salt or derivative thereof. 

As defined above, the compounds in this aspect of the invention may be either the cis 
or Z-isomer, i.e. be related to combretastatin A4, or the trans or 2£-isomer. Examples 
of the synthesis of both isomers are proved below. Preferably, the alkyl group R 4 
and/or Rj is a methyl or ethyl group. 

In a further aspect, the present invention provides compounds in which one or more of 
the methoxy groups on the A ring of combretastatin is replaced by an alkyl group. 
Thus, in this aspect, the present invention provides compounds represented by the 
structural formula: 




wherein: 

X is selected from hydroxyl, nitro, amino, aryl, heteroaxyl, alkyl, alkoxy, CHO, 
COR, halogen, haloalkyl, NH 2 , NHR, NRR’, SR, CONH* CONHR, CONHRR’, O- 
aryl, O-heteroaryl or O-ester; 

R, is selected from alkyl, CHO, alkoxy, NH 2 , NHR, NRR’, SR, CF 3 or 
halogen; 
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R 2 and R 3 are independently selected from hydrogen, alkyl, alkoxy, hydroxyl, 
NH 2 , NHR, NRR’, SR, haloalkyl or halogen; 

R4 and Rj are independently selected from hydrogen, alkyl, CH 2 NHCOR” or 
CH 2 CONHR”; and, 

’wherein R*, R, and R 8 are independently selected from hydrogen, alkyl or 
alkoxy such that at least one of these substituents is an alkyl group; 
or a salt or derivative thereof. 

In preferred embodiment, two or more preferably all three of the groups are alkyl 
groups. Exemplary compounds include those with methyl, ethyl or propyl groups. In 
a preferred embodiment, R*, R 7 and R g are methyl groups. 

In a further aspect, the present invention provides compounds in which one or more of 
the methoxy groups on the A ring of combretastatin is replaced by a higher alkoxy 
group, i.e. an ethoxy or longer chain group. Thus, in this aspect, the present invention 
provides compounds represented by the structural formula: 




wherein: 

X is selected from hydroxyl, nitro, amino, aryl, heteroaiyl, alkyl, alkoxy, CHO, 
COR, halogen, haloalkyl, NH 2 , NHR, NRR’, SR, CONK,, CONHR, CONHRR’, O- 
aryl, O-heteroaryl, or O-ester; 

R, is selected from alkyl, CHO, alkoxy, NH 2 , NHR, NRR’, SR, CF 3 or 
halogen; 

Ej and R3 are independently selected from hydrogen, alkyl, alkoxy, hydroxyl, 
NH 2 , NHR, NRR’, SR, haloalkyl or halogen; 

R, and Rj are independently selected from hydrogen, alkyl, CH 2 NHCOR” or 
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CH 2 CONHR”; and, 

wherein Rg, R 7 and R g are independently selected from hydrogen, alkyl or 
alkoxy such that at least one of these substituents is an alkoxy group other than 
methoxy group; 

or a salt or derivative thereof. 

Preferably, two or all three of the groups is replaced by an alkoxy group other than 
methoxy. 

In a further aspect, the present invention relates to compounds in which the phenolic 
hydroxyl group on the B ring of the combretastatin is derivatised to form a /-BOC- 
amino acid ester. These compounds may be prodrugs capable of releasing 
combretastatin, or a variant thereof, e.g by the action of an enzyme capable of 
hydrolysing the BOC-amino acid ester, e.g. an esterase enzyme. Thus, in this aspect, 
the present invention provides compounds represented by the structural formula: 




wherein: 

R, is selected from alkyl, alkoxy, NH 2 , NHR, NRR’, SR, CF 3 , CHO or 
halogen; 

Rj and R } are independently selected from hydrogen, alkyl, alkoxy, hydroxyl, 
NH 2 , NHR, NRR’, SR, haloalkyl or halogen; 

R< and Rj are independently selected from hydrogen, alkyl, CH 2 NHCOR” or 
CH 2 CONHR”; and, 

Rg, R7 and R g are independently selected from hydrogen, alkyl or alkoxy; and, 
or a salt or derivative thereof; 
wherein X is a group represented by: 
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NHBOC 



A 



wherein BOC represents a t-butoxycarbonyl group and the A group is an amino acid 
side chain. 



The BOC amino acid ester may include a naturally occurring or synthetic amino acid, 
in either the D or L-isoform. Examples of compounds of the aspect of the invention 
include those where the amino acid is Phe, He, Gly, Trp, Met, Leu, Ala, His, Pro, D- 
Met, D-Trp, or Tyr, e.g. when in compound 33 the amino acid is Phe, the A group is - 
CH 2 Ph etc. 

In a further aspect, the present invention provides compounds in which the B ring of 
combretastatin is replaced by a substituted or unsubstituted benzoquinone ring These 
quinone compounds may act as prodrugs of combretastatin and be activated in vivo by 
enzymes such as DT-diaphorase. Thus, in this aspect, the present invention provides 
compounds represented by the structural formula: 




wherein: 

the dotted line indicates a single or double covalent bond and the zigzag line 
indicates that the compound can be cis or trans; 

R„ R 2 and R 3 are independently selected from hydrogen, alkyl, CHO, COR, 
alkoxy, hydroxyl, NH,, NHR, NRR’, SR, haloalkyl or halogen; 

R, and R* are independently selected from hydrogen, alkyl, C^jNHCOR” or 
CHjCONHR”; and. 
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Rg, R 7 and R g are independently selected from hydrogen, alkyl or alkoxy; or 
a salt or derivative thereof. 

The present invention also includes compositions comprising one or more of the 
5 above defined compounds. In other aspects, the present invention provides the 

compounds for use in a method of medical treatment and the use of the compounds 
for the preparation of a medicament for the treatment of a condition that responds to 
the medicament, and in particular for the treatment of cancer. The compounds may 
act directly or be prodrugs capable of releasing an active form of the compound upon 
10 hydrolysis or reduction, e.g. as mediated in situ by an enzyme. 

In the second group of aspects, the present invention provides a prodrug comprising a 
compound conjugated to a photocleavable group, wherein the prodrug is represented 
by the general formula: 

15 



R l 

wherein: 

R, is selected from alkyl, CHO, alkoxy, NH 2 , NHR, NRR\ SR, CF 3 or 
halogen; 

20 R 2 and R 3 are independently selected from hydrogen, alkyl, alkoxy, hydroxyl, 

NH 2 , NHR, NRR’, SR, baloalkyl or halogen; 

R, and Rj are independently selected from hydrogen, alkyl, CH 2 NHCOR” or 
CH 2 CONHR”; and, 

R*, R 7 and R g are independently selected from hydrogen, alkyl or alkyoxy; 

25 Y is selected from O, S, Se, NH; and, 

Z is a photocleavable group; 
or a salt or derivative thereof 
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The compounds conjugated to the photocleavable group to form the prodrug may be 
the new combretastatin derivatives disclosed herein or may be a known combretastatin 
which has not be conjugated in this way in the prior art. 

5 The prodrugs can be activated by exposure to electromagnetic radiation, especially 
ultraviolet-visible light (e.g. having a wavelength of between about 190-1000nm), to 
remove the protecting photocleavable group and cause the release of the compound. 
Thus, the prodrugs can be used to provide selective activation of the active fonn of the 
compound, e.g. at the site of a tumour, by administering the compound and exposing 
10 to light the site at which activation is required. 

Particularly preferred compounds (prodrugs) are those which can be exposed to light 
to release combretastatin, and especially cis-combretastatin A4. 

15 Examples of preferred compounds include those which Z, the photocleavable group is 

selected from: 
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D. H. R Barton, Y. L. Chow, A. Cox, and G. W. Kirby, J. Chem. Soc., 1965, 3571. 

S 

x 

RO"X 

T. Kishi, T. Tsuchiya and S. Umezawa, Bull. Chem. Soc. Jpn., 1979, 52, 3015. 




L D. Cama and B. G. Christensen, J. Am. Chem. Soc., 1978, 100, 8006. 



OR 

Patchomik, A.; Amit, B.; Woodward R. B. J. Am. Chem. Soc., 1970, 92, 6333-6335 
B. Amit, E. Hazum, M. Fridkin, and A. Patchornik, Ini J. Pept. Protein Res., 1977, 9, 91. 

In the above formulae, R is the photoprotected group, R, and R, 0 are independently 
selected from alkyl, aryl or heteroaryl and X is any functional group. Examples of 
photoactivatable groups are also provided on pages 54-59. 

5 

In a further aspect, the present invention provides the compounds as defined herein for 
use in a method of medical treatment. In preferred embodiments, the present 
invention provides the use of the compounds defined herein for the preparation of a 
medicament for the treatment of a condition that is ameliorated by administration of 
0 the activated or released form of the compound. In such uses, it is preferred that the 

activated form of the compound has significantly greater activity than the protected 
form of the compound, e.g. making it possible to obtain selectivity in the delivery and 
activation of the compound, e.g. to a target tissue. In preferred embodiments of the 
invention, the compounds are employed in medicaments for the treatment of cancer. 
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In a further aspect, the present invention provides a process for providing the 
compound at a site, the process comprising exposing a prodrug represented by the 
above formula to light to release the compound at the site. In this embodiment of the 
invention, preferably the light is in the visible range, e.g. from about 350-800nm. 

In a further aspect, the present invention provides a process for isomerising a 
compound represented by the general formula: 




10 wherein: 

R, is selected from alkyl, alkoxy, CHO, NH^ NHR, NRR\ SR, CF 3 or 
halogen; 

R 2 and R 3 are independently selected from hydrogen, alkyl, alkoxy, hydroxyl, 
NH 2 , NHR, NRR’, SR, haloalkyl or halogen; 

15 R, and Rj are independently selected from hydrogen, alkyl, CH 2 NHCOR” or 

CH 2 CONHR”; and, 

Rfi, R, and Rg are independently selected from hydrogen, alkyl or alkoxy; 

X is selected from hydroxyl, nitro, amino, aryl, heteroaryl, alkyl, alkoxy, CHO, 
COR, halogen, haloalkyl, NH 2 , NHR, NRR’, SR, CONH 2 , CONHR, CONHRR’, O- 
20 aryl, O-heteroaiyl, O-ester, or the group Y-Z as defined above; 
or a salt or derivative thereof; 

the process comprising exposing the compound to light so that it isomerises 
from the is-isomer to the Z-isomer. This process might be carried out separately or in 
conjunction with the light activated release of the compound from a prodrug as 
25 defined above. 

In a further aspect, the present invention provides a process for producing the 
photoactivatable compounds defined herein, the process comprising lin kin g a 
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photoactivatable group to the Y group of a precursor compound to produce 
photoactivatable compounds as defined above. 

The work disclosed herein arises from the findings that the inactive trans isomer of 
5 combretastatin A-4 E- 1 can be converted to the active c/s-isomer Z-l by the action of 
ultraviolet light ex situ in a photochemical reactor. The irradiation ofis-1 in this 
manner leads to an impressive and rapid increase in activity. Further we have found 
that only after a long period of irradiation is the formation of the phenanthrene (which 
is only moderately active, as measured by its ability to inhibit cancer cell growth in 
10 vitro, IC 50 0.7 |iM) evident We have prepared phenanthrene, by irradiation of E- 1, 
in good yield when an oxidant (I 2 ) is present (to oxidize the first-formed cyclization 
product). This provides an opportunity to exploit the hypoxic nature of solid tumours 
and increase the selectivity of irradiated E- 1. In other words, healthy cells may 
provide an oxidative pathway for the formation of the less toxic phenanthrene and 
1 5 effectively decrease the lifetime of Z-l . 

The same result can be achieved in situ in the presence of cultured cancer cells (K562 
human myelogeneous leukaemia cell line. These experiments showed that wi thin 2 
seconds of exposure to ultraviolet light the activity of the £-combretastatin A-4 (IC^ 
20 originally 5 pM) increases to 2 nM, providing a rapid thousand-fold increase in 

activity. Moreover, the cells in the absence of the drug are not affected by exposure to 
the radiation and grow normally over the 5 days of the assay. To increase the water 
solubility of the drug we have produced prodrugs with a photo-cleavable group 
attached to the B-ring phenolic OH group. The nitro vanillin derivative was chosen 
25 since it has been used as a photo-cleavable linker for solid phase synthesis 
applications and its synthesis is relatively simple. These prodrugs have been 
successtully cleaved in both the E and Z series ( E-6 and Z-6 respectively) and have 
produced highly cytotoxic agents in vitro upon in situ exposure to ultra violet 
radiation. The cleavage of the water solubilising group appears to be faster that? the 
30 E-*Z isomerisation, at least under ex situ irradiation. Thus, the use of Z-6 has some 

merit. Indeed it forms the prototype for systems that do not rely on any special 
photochemical features of the molecule to be delivered. This provides a more general 
approach to the site-specific photochemical activation of prodrugs. Moreover, the 
photocleavable water solubilising group can be engineered, so that cleavage occurs at 
35 longer wavelength and rapidly. 
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Embodiments of the present invention will now be described by way of example and 
not limitation with reference to the accompanying figures. 



Brief Description of the Figures 

Figure 1 shows the anti-tumour activity of compound 97-64H in an in vivo tumour 
implant experiment in mice. 



Figure 2 shows the anti-tumour activity of compound 97-96 in an in vivo tumour 
implant experiment in mice. 

Detailed Description 
Pharmaceutical Compositions 

The compounds of the invention may be derivatised in various ways. As used herein 
“derivatives” of the compounds includes salts, esters such as in vivo hydrolysable 
esters, free acids or bases, hydrates, prodrugs or coupling partners. In the case of 
compounds which are combretastatin or analogues thereof, preferably the derivatives 
are soluble in water and/or saline or can be hydrolysed to provide physiologically 
active agents. 

Examples in the prior art of salts or prodrugs of cis-combretastatin A-4 focus on 
forming salts or derivatives at the phenolic hydroxyl group of combre tastatin These 
include sodium phosphate salts, sodium and potassium salts (US Patent No: 
5,561,122), lithium, caesium, magnesium, calcium, manganese and zinc salts of cis- 
combretastatin A-4, and ammonium cation salts with imidazole, morpholine, 
piperazine, piperidine, pyrazole, pyridine, adenosine, cinchonine, glucosamine, 
quinine, quinidine, tetracycline and verapamil (WO99/35150). 

Salts of the compounds of the invention are preferably physiologically well tolerated 
and non toxic. Many examples of salts are known to those skilled in the art 
Compounds having acidic groups, can form salts with alkaline or alkaline earth metals 
such as Na, K, Mg and Ca, and with organic amines such as triethylamine and Tris (2- 
hydroxyethyI)amine. Salts can be formed between compounds with basic groups, e.g. 
amines, with inorganic acids such as hydrochloric acid, phosphoric acid or sulfuric 
acid, or organic acids such as acetic acid, citric acid, benzoic acid, fumaric acid, or 
tartaric acid. Compounds having both acidic and basic groups can form internal salts. 
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Esters can be formed between hydroxyl or carboxylic acid groups present in the 
compound and an appropriate carboxylic acid or alcohol reaction partner, using 
techniques well known in the art Examples of esters include those formed between 
the phenolic hydroxyl of the substituted stiibenes and carboxylic acids, hemisuccinic 
acid esters, phosphate esters, BOC esters, sulphate esters and selenate esters. 

Derivatives which as prodrugs of the compounds are convertible in vivo or in vitro 
into one of the parent compounds. Typically, at least one of the biological activities 
of compound will be reduced in the prodrug form of the compound, and can be 
activated by conversion of the prodrug to release the compound or a metabolite of it. 
Example of prodrugs include combretastatin A1 phosphate, combretastatin A4 
phosphate and RH1. 

Other derivatives include coupling partners of the compounds in which the 
compounds is linked to a coupling partner, e.g. by being chemically coupled to the 
compound or physically associated with it. Examples of coupling partners include a 
label or reporter molecule, a supporting substrate, a carrier or transport molecule, an 
effector, a drug, an antibody or an inhibitor. Coupling partners can be covalently 
linked to compounds of the invention via an appropriate functional group on the 
compound such as a hydroxyl group, a carboxyl group or an amino group. 

The compounds described herein or their derivatives can be formulated in 
pharmaceutical compositions, and administered to patients in a variety of forms, in 
particular to treat conditions which are ameliorated by the activation of the compound. 

Pharmaceutical compositions for oral administration may be in tablet, capsule, 
powder, cream, liquid form or encapsulated by liposomes. A tablet may include a 
solid carrier such as gelatin or an adjuvant or an inert diluent. Liquid pharmaceutical 
compositions generally include a liquid carrier such as water, petroleum, animal or 
vegetable oils, mineral oil or synthetic oil. Physiological saline solution, or glycols 
such as ethylene glycol, propylene glycol or polyethylene glycol may be included. 

Such compositions and preparations generally contain at least 0.1 wt% of the 
compound. 

Parental administration includes administration by the following routes: intravenous. 
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cutaneous or subcutaneous, nasal, intramuscular, intraocular, transepithelial, 
intraperitoneal and topical (including dermal, ocular, rectal, nasal, inhalation and 
aerosol), and rectal systemic routes. For intravenous, cutaneous or subcutaneous 
injection, or injection at the site of affliction, the active ingredient will be in the form 
of a parenterally acceptable aqueous solution which is pyrogen-free and has suitable 
pH, isotonicity and stability. Those of relevant skill in the art are well able to prepare 
suitable solutions using, for example, solutions of the compounds or a derivative 
thereof, e.g. in physiological saline, a dispersion prepared with glycerol, liquid 
polyethylene glycol or oils. 

In addition to one or more of the compounds, optionally in combination with other 
active ingredient, the compositions can comprise one or more of a pharmaceutically 
acceptable excipient, carrier, buffer, stabiliser, isotonicizing agent, preservative or 
anti-oxidant or other materials well known to those skilled in the art. Such material 
should be non-toxic and should not interfere with the efficacy of the active ingredient 
The precise nature of the carrier or other material may depend on the route of 
administration, e.g. orally or parentally. 

Liquid pharmaceutical compositions are typically formulated to have a pH between 
about 3.0 and 9.0, more preferably between about 4.5 and 8.5 and still more preferably 
between about 5.0 and 8.0. The pH of a composition can be maint ain ^ by the use of 
a buffer such as acetate, citrate, phosphate, succinate, Tris or histidine, typically 
employed in the range from about 1 mM to 50 mM. The pH of compositions can 
otherwise be adjusted by using physiologically acceptable acids or bases. 

Preservatives are generally included in pharmaceutical compositions to retard 
microbial growth, extending the shelf life of the compositions and allowing multiple 
use packaging. Examples of preservatives include phenol, meta-cresol, benzyl 
alcohol, para-hydroxybenzoic acid and its esters, methyl paraben, propyl paraben, 
benzalconium chloride and benzethonium chloride. Preservatives are typically 
employed in the range of about 0.1 to 1.0 % (w/v). 

Preferably, the pharmaceutically compositions are given to an individual in a 
“prophylactically effective amount” or a “therapeutically effective amount” (as the 
case may be, although prophylaxis may be considered therapy), this being sufficient to 
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show benefit to the individual. Typically, this will be to cause a therapeutically useful 
activity providing benefit to the individual. The actual amount of the compounds 
administered, and rate and time-course of administration, will depend on the nature 
and severity of the condition being treated. Prescription of treatment, e.g. decisions 
5 on dosage etc, is within the responsibility of general practitioners and other medical 
doctors, and typically takes account of the disorder to be treated, the condition of the 
individual patient, the site of delivery, the method of administration and other factors 
known to practitioners. Examples of the techniques and protocols mentioned above 
can be found in Remington’s Pharmaceutical Sciences, 16th edition, Osol, A. (ed), 

10 1 980. By way of example, and the compositions are preferably administered to 

patients in dosages of between about 0.01 and lOOmg of active compound per kg of 
body weight, and more preferably between about 0.5 and lOmg/kg of body weight . 
The compounds may be used in the treatment of cancer and other conditions involving 
abnormal proliferation of vasculature including diabetic retinopathy, psoriasis and 
15 endometriosis. 

General 

Proton nuclear magnetic resonance (’H NMR) spectra were recorded on a Broker AC 
300 (300 MHz) or AC 400 (400 MHz) NMR spectrometer. Chemical shifts, 8, for all 
20 NMR spectra are given in ppm, relative to tetramethylsilane, and, unless otherwise 
stated, using CDClj as both solvent and internal standard. Coupling constants (J) 
were measured in Hz. Melting points were determined on a Gallenkamp melting 
point apparatus and are uncorrected. The UV/VIS spectra were determined using a 
Hewlett-Packard HP8452 diode-array spectrophotometer. Extinction coefficients (e) 
25 are presented as their natural logarithms. Microanalyses were carried out by the 
laboratories of the Departments of Chemistry of the University of Manchester and 
UMIST. High resolution mass spectroscopy was determined using a Kratos Concept 
1 5 mass spectrometer. Thin layer chromatography (tic) was performed using 
precoated aluminium-backed silica gel plates (60 F 2M ) with 0.2 mm thickness 
30 (Merck), with observation under UV when necessary. Gas chromatography was 
carried out using an SE 54 column at 195-225 kPa at 1.5kPa/min. The oven 
temperature was 180-280°C at 5°C/min. 

Example 1: Synthesis of combretastatins with alkyl groups on the double bond 

35 Z- and E , -l-(3’-t-Butyldimethylsilyloxy-4’-methoxyphenyl)-2-(3’ ’,4’ ’,5”- 
trimethoxyphenyl)propene, 17a, 17b 
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To a sluny of 3^butyldimethylsilyloxy-4-methoxybenzy]phosphonium bromide, 18, 
(1 g, 1 .69 mmol) in THF (1 0 ml) was added n-butyllithium (1 . 1 6 ml of 1 .6 M 
solution, 1 .86 mmol) at -1 5 °C. The red anion was stirred for 20 minute and 3,4,5- 
trimethoxyacetophenone (355 mg, 1 .69 mmol) added. The resultant solution was 
stirred at room temperature for 1 hour and water (10 ml) carefully added. The 
aqueous layer was separated and extracted with ether (3x10 ml). The combined 
organic layers were washed with water (2 x 10 ml) and brine (10 ml), dried (MgSOJ 
and concentrated in vacuo. 

Following flash column chromatography (Si0 2 petrolrEtOAc 19:1) the Zstilbene, 

17a, was isolated as a colourless oil (109 mg, 15%). R* = 0.72 (SiO z petrolrEtOAc 
1:1); §„ (300 MHz) 0.20 [6 H, s, (CH 3 )J, 1.03 [9 H, s, (CE&), 2.28 (3 H, d, J= 1.1, 
CH 3 ), 3.85 (3 H, s, OCH 3 ), 3.89 (3 H, s, OCH 3 ), 3.93 [6 H, s, (OCH 3 )J, 6.69 (1 H, q, J 
= 1.1, olefinic H), 6.72 (2 H, s, H-2’,6’) 6.87 (1 H, d, J= 8.3, H-5”), 6.91 (1 H, d, J= 
2.3, H-2”), 6.95 (1 H, dd, J= 8.3, 2.3, H-6”); (MeOH) = 270 (s = 7,607); M*, 
found 444.2329; C^H^OjSi requires M* 444.2332. 

Further elution afforded the E stilbene, 17b, as a colourless oil (258 mg, 34%). Rf = 
0.67 (Si0 2 petrol :EtO Ac 1:1); 6 H (300 MHz) 0.01 [6 H, s, (CH^, 0.92 [9 H, s, 
(CH 3 ) 3 ), 2.17 (3 H, d, 1.5, CH 3 ), 3.75 [6 H, s, (OCH 3 )J, 3.76 (3 H, s, OCH 3 ), 3.87 
(3 H, s, OCH 3 ), 6.35 (1 H, q,J= 1.5, olefinic H), 6.42 (2 H, s, H-2’,6’) 6.52 (1 H, d, J 
= 1.9, H-2”), 6.62 (1 H, dd, J= 8.3, 1.9, H-6”), 6.67 (1 H, d, J= 8.3, H-5”); 

(MeOH) = 296 (e = 16,541). M + , found 444.2333; QjH^OjSi requires M + 444.2332. 

Z- (3 ’-Hy d roxy-4 ’-m ethoxyphenyI)-2-(3 ’ ’ ,4 ”,5”-trimethoxyphenyI)propene, 19 
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To a stirred solution of Z-(3 ’-/-butyldimethylsilyloxy-4’-methoxyphenyl)-2- 
(3 ” ,4 ” , 5 ” -trimethoxyphenyl)propene, 17a, (1 1 1 mg, 0.250 mmol) in dry THF (5 ml) 
5 was added tetra-«-butylammonium fluoride (700 ml of 1 M solution, 0.7 mmol). The 
. resulting yellow solution was stirred for 20 minutes and then treated with water (2 
ml). The aqueous layer was separated and extracted with chloroform (3x10 ml). 

The combined organic layers were washed with water (2 x 10 ml) and brine (10 ml), 
dried (MgS0 4 ) and concentrated in vacuo. Flash column chromatography (Si0 2 
10 petrol:EtOAc 2:1) afforded Z-(3’-hydroxy-4’-methoxyphenyl)-2-(3”,4”,5”- 

trimethoxyphenyl)propene, 19, as a fine white powder (49 mg, 0.148 mmol, 60%). 
m.p. 156-8°C; R, = 0.36 (Si0 2 petrol :EtOAc 2:1); S H (300 MHz) 2.18 (3 H, d,J= 1.5, 
CH 3 ), 3.75 [6 H, s, (OCH 3 )J, 3.84 (3 H, s, OCH 3 ), 3.88 (3 H, s, OCH 3 ), 5.42 (1 H, s, 
OH), 6.36 (1 H, q, 7= 1.5, olefinic H), 6.43 (2 H, s, H-2’,6’) 6.48 (1 H, dd, /= 8.3, 

15 2.3, H-6”), 6.62 (1 H, d, /= 8.3, H-5”), 6.63 (1 H, d, J= 2.3, H-2”); (MeOH) = 

270 (e = 1 1,524); M + , found 330.1469; C^Oj requires M" 330. 1467. 

Z-l-(3 , ,4',5'-trimethoxyphenyl)-2-(3”-hydroxy-4”-methoxyphenyI)propene, 20 




A mixture of cw-l-(3',4',5'-trimethoxyphenyl)propene 21 (0.42 g, 2 mmol), 5-iodo-2- 
methoxyphenol 22 (1 g, 4 mmol), triethylamine (0.51 g, 5 mmol), palladium acetate (9 
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mg, 0.04 mmol) and triphenylphosphine (21 mg, 0.08 mmol) were heated at 100°C. 
To the cooled reaction mixture was added aqueous hydrochloric acid (45 ml of a 2.7 
M solution). After stirring for 1 0 min, the liquid was decanted off and the solid 
residue extracted with several portions of hot hexane. The combined hot hexane 
5 fractions were filtered. The cooled hexane solution was washed with water (2x10 
ml), brine (10 ml), dried over magnesium sulfate, filtered and the solvent evaporated. 
Flash column chromatography (Si0 2 petrol : EtOAc 15:1) afforded the stilbene (20) as 
a white crystalline solid (109 mg, 16%). m.p. 99-1 00 ° C; R,-= 0.34 (Si0 2 petrol : 
EtOAc 1:1); ^ (300 MHz) 2.28 (3 H, d, J= 1.1, CH 3 ), 3.89 (3 H, s, OCH 3 ), 3.90 (6 H, 
10 s, 2 x OCH 3 ), 3.94 (3 H, s, OCH 3 ), 5.61 (1 H, s, OH), 6.59 (2 H, s, H-2’,6’), 6.74 (1 H, 
q, J= 1.1, olefinic H), 6.87 (1 H, d, J= 8.7, H-5”), 7.04 (1 H, dd, J= 8.7, 2.3, H-6”), 
7.14 (1 H, d, J= 2.3, H-2”); Found C, 69.13; H, 6.71; C 19 H a O s requires C, 69.07; H, 
6.71%; M + , found 331.1541; (+H) requires 331.1545; (MeOH) = 296 (s 

= 14,126). 

15 

The ethyl derivative (45) has also been synthesised. 
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Z~ and J?-l-(4’-Methoxyphenyl)-2-(3”,4”,5’ , -trimethoxyphenyl)propene, 23a, 
23b 
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To a slurry of 4-methoxybenzylphosphonium chloride (598 mg, 1 .43 mmol) in THF 
(8 ml) was added n-butyllithium (990 ml of 1.6 M solution, 1.58 mmol) at -15°C. 

The red anion was stirred for 20 minutes and 3,4,5-trimethoxyacetophenone (300 mg, 
1.43 mmol) added. The resultant solution was stirred at room temperature for 1 horn: 
5 and water (10 ml) carefully added. The aqueous layer was separated and extracted 

with ether (3x10 ml). The combined organic layers were washed with water (2x10 
ml) and brine (10 ml), dried (MgS0 4 ) and concentrated in vacuo. 

The nmr of the crude reaction product showed that the Z'JE ratio was 1 :1.5. Following 
10 flash column chromatography (Si0 2 petrol :EtO Ac 9:1) the Z stilbene, 23a, was 

isolated as white needles (45 mg, 0.143 mmol, 10%). m.p. 73-5 °C; Rj- = 0.46 (Si0 2 
petrol :EtOAc 3:1); 5„ (300 MHz) 2.19 (1 H, d, J= 1.5, CH 3 ), 3.74 [6 H, s, (OCH 3 )J, 
3.76 (3 H, s, OCHj), 3.88 (3 H, s, OCH 3 ), 6.40 (1 H, q, J= 1.5, olefinic H), 6.42 (2 H, 
s, H-2’,6’), 6.69 (1 H, dt, J= 8.7, 2.3, H-3”,5”), 6.93 (1 H, dt, J= 8.7, 2.3, H-2”,6”); 
15 (MeOH) = 273 (e = 14,926). 

Further elution afforded the E stilbene, 23b, as an off white solid (44 mg, 0. 140 
mmol, 9.8%). m.p. 80-2°C; Rf = 0.41 (Si0 2 petrol:EtOAc 3:1); ^ (300 MHz) 2.28 (1 
H, d, J= 1.5, CH 3 ), 3.86 (3 H, s, OCH 3 ), 3.90 (3 H, s, OCH 3 ), 3.94 [6 H, s, (OCH 3 )J, 
20 6.74 (2 H, s, H-2’,6’), 6.75 (1 H, q, J= 1 .5, olefinic H), 6.94 (1 H, dt, J= 8.7, 2.3, H- 

3”,5”), 7.34 (1 H, dt, J= 8.7, 2.3, H-2”,6”); (MeOH) = 287 (s = 21,822). 

Example 2: Synthesis of combretastatins with alkyl groups replacing the 

methoxv groups on the A ring 

25 l?-2-(3’,4 , ,5 5 -trimethylphenyl)-3-(3”-(2 , ”,3 m >5 ,>, ,6 , ”-tetrafluoropyridoxy)-4 n - 

methoxyphenyl)prop-2-enoic acid, 24 
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A mixture of 3-(2’,3’,5’,6 5 -tetrafluoropyridoxy)-4-benzaldehyde 25 (2 g, 6.64 mmol), 
3,4,5-trimethylphenylacetic acid 26 (2.37 g, 13.3 mmol) acetic anhydride (6 ml) and 
5 triethylamine (3 ml) were heated under reflux for 3 h. After acidification with 

concentrated hydrochloric acid (9 ml), the solid was filtered off and recrystallised 
from ethanol to give £-2-(3 , ,4',5-trimethyl)-3-(3 ,, -(2 ,, ^3”^5”^6” , - 
tetrafluoropyridoxy)-4”-methoxyphenyl)prop-2-enoic acid 24 as a yellow crystalline 
solid (700 mg, 1 .52 mmol, 23 %). m.p. 184-6°C. 8 H (300 MHz, DMSO) 2.1 1, (3 H, 
10 s, CH 3 ), 2.14 (6 H, s, (CH 3 )j), 3.83 (3 H, s, OCH 3 ), 6.61 (1 H, d, J= 1.5, H-2”), 6.71 
(2 H, s, H-2 5 , 6'), 7.13 (1 H, d, J = 8.7, H-5”), 7.19 (1 H, dd, J - 8.7, 1.5, H-6”), 7.61, 
(1 H, s, olefinic H), 12.52, (1 H, s OH). 



(2)-l-(3 , ,4’,5’-trunethylphenyl)-2-(3”-(2 , ”3 ,,, >5 , ”>6 ,,, -tetrafluoropyridoxy)-4”- 
15 methoxyphenyl)ethene, 27 
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(£)-2-(3 , ,4 , ,5 , -trimethylphenyI)-3-(3 M -(2 ,,, ,3” , ,5’”,6” , -tetrafluoropyridoxy)-4”- 
methoxyphenyl)prop-2-enoic acid 24 (700 mg, 1 .52 mmol) was added to powdered 
copper (500 mg, 7.81 mmol) in quinoline (5.5ml, 6.02 g, 28.2 mmol) and the resulting 
mixture was heated at 200 °C for 2 h. Upon cooling, ether was added and the copper 
5 filtered off through celite. The filtrate was washed with 1 M hydrochloric acid (2 x 20 

ml) and the aqueous layer separated and extracted with ether (3 x 50 ml). The 
combined organic layers were washed with saturated sodium carbonate (50 ml), water 
(2 x 50 ml) and brine (50 ml), dried (MgS0 4 ) and concentrated in vacuo. Flash 
column chromatography (Si0 2 petrohEtOAc 9:1) afforded (2)-l-(3\4’,5*- 
10 trimethylphenyl)-2-(3”-(2”’,3”’ > 5’”,6 , ”-tetrafluoropyridoxy)-4”- 

methoxyphenyl)ethene 27 as a yellow oil (224 mg, 0.538 mmol, 35 %). R, = 0.48 
(Si0 2 petrol:EtOAc 9:1); 5 h (300 MHz) 2.15 (3 H, s, CH 3 ), 2.19 [6 H, s, (CH 3 )J, 3.84 
(3 H, s, OCHj), 6.41 (1 H, d ,J= 12.1, olefinicH), 6.51 (1 H, d, J= 12.1, olefinic H), 
6.87 (2 H, s, H-2’,6’), 6.89 (1 H, d, J= 8.7, H-5”), 6.98 (1 H, d, 2.3, H-2”), 7.1 1 
15 (1 H, dd, J= 8.7, 2.3, H-6”). 
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25 



(2)-l-(3 , ,4’,5 , -trimethylphenyl)-2-(3”-hydroxy-4”-methoxyphenyI)ethene 5 28 




To a solution of the (2)- 1 -(3 \4’,5 ’-trimethyIphenyl)-2-(3 ’ ’-(2” ’,3 ” ’,5” \6” 
tetrafluoropyridoxy)-4 , ’-methoxyphenyl)ethene (100 mg, 0.24 mmol) 27 in dry DMF 
(600 ml) and dichloromethane (1 15 ml) at 0°C was added sodium methoxide (25 mg, 
0.463 mmol). After stirring overnight, the mixture was partitioned between ether (5 
ml) and 1 M sulfuric acid (5 ml). The organic phase was washed with water (5 ml), 
dried (MgS0 4 ) and concentrated in vacuo. Flash column chromatography (Si0 2 
petrohEtOAc 9:1) and recrystallisation from petrol afforded (2)-l-(3\4’,5’- 
trimethylphenyl)-2-(3 ’ ’ -hydroxy-4 ’ 5 -methoxyphenyl)ethene as a white crystalline 
solid (31 mg, 0.1 16 mmol, 48 %). m.p. 60-1 °C. Rf = 0.39 (Si0 2 petrohEtOAc 4:1); 
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§h (300 MHz) 2.16 (3 H, s, CH 3 ), 2.21 [6 H, s, (CH 3 )J, 3.90 (3 H, s, OCH 3 ), 5.50 (1 
H, s, OH), 6.40 (1 H, d, J= 12.4, olefinic H), 6.45 (1 H, d, J= 12.4, olefinic H), 6.72 
(1 H, d, J= 8.3, H-5”), 6.82 (1 H, dd, J= 8.3, 2.3, H-6”), 6.91 (1 H, d, 2.3, H- 
2”), 6.96 (2 H, s, H-2’,6’). 

5 

Example 3: Synthesis of combretastatins with a 3,4.5 trialkoxv group 

Z- and £'-l-(3’,4’^ , -triethoxyphenyl)-2-(3”-/-buty]dimethylsiIyloxy-4”- 
methoxyphenyl)ethene, 30a, 30b 

To a slurry of 3,4,5-triethoxybenzylphosphonium bromide 29 (2 g, 3.24 mmol) in 
10 THF (30 ml) was added n-butyllithium (2.5 ml of 1 .6M solution in hexanes, 4 mmol) 
at -15°C under argon. The red anion was stirred for 20 min and 3-O-t 
butyldimethylsilyl-4-methoxybenzaldehyde 6 (0.86 g, 3.24 mmol) added. The 
resultant solution was stirred for 1 h at room temperature and water (10 ml) was 
carefully added. The aqueous layer was separated and extracted with ethyl acetate (3 
15 x 100 ml). The combined organic layers were washed with water (2 x 100 ml), brine 
(100 ml), dried (MgS0 4 ) and concentrated in vacuo. Flash column chromatography 
afforded die cis stilbene 30a as a colourless oil (0.23 g, 15%). Rf = 0.65 (petrohethyl 
acetate 9:1); 5„(300 MHz) 0.08 (6 H, s, S ifCH,U . 0.95 (9 H, s, 3 x CH 3 ), 1.35 (9 H, 
m, 3 x OCH 2 CHj), 3.79 (3 H, s, OCH 3 ), 3.91 (4 H, q,J = 6.8, CH*), 4.06 (2 H, q, 

20 7.2, CHj), 6.40 (1 H, d, /= 12.1, olefinic H), 6.43 (1 H, d, / = 12.1 , olefinic H), 6.74 

(2 H, s, ArH 2, 6), 6.83 (1 H,dd,J= 8.0, 2.1, ArH para to OSi), 6.84 (1 H, d,J= 8.0, 
ArH ortho to OMe), 6.88 (1 H, d, J - 2.1, ArH ortho to OSi). 

Further elution gave the trans stilbene 30b as white crystals (0.27 g, 17.6%). Rf = 

25 0.75; 6„ (300 MHz) 0.20 (6 H, s, Si CCHTA 1 .03 (9 H, s, 3 x CH 3 ), 1 .37 (3 H, t, J - 

7.5, CH 2 CH,), 1.46 (6 H, t, 7.2, 2 x CH 2 CHj), 3.85 (3 H, s, OCH 3 ), 4.12 (6 H, m, 
3 x CHj), 6.73 (2 H, s, ArH 2, 6), 6.84 (1 H, dd, J = 7.8, 1.98, ArH para to OSi), 6.90 
(1 H, d, J = 15.1, olefinic H), 7.04 (1 H, d, J = 7.8, ArH ortho to OMe), 7.05 (1 H, d, 
J= 15.1, olefinic H), 7.66 (1H, d, 2.0, ArH ortho to OSi). 

30 

Z- and 2T-l-(3’,4’,5 , -triethoxyphenyI)-2-(3”-hydroxy-4”-inethoxyphenyl)ethcne, 
31a, 31b 

To a stirred mixture of cis and trans- 1 -(3 ’ ,4’,5’ -triethoxyphenyl)-2-(3 
butyldimethylsiloxy-4”-methoxy)ethene 30a, 30b (0.23 g, 0.48 mmol - cis isomer; 

35 0.27 g, 0.57 mmol - trans isomer) in dry THF (17.5 ml) was added tetra-n- 
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butylammonium fluoride (1 .46 ml of 1 M solution-in THF). The resulting yellow 
solution was stirred for twenty min and treated with water (50 ml). The aqueous layer 
was separated and extracted with chloroform (3 x 50 ml). The combined organic 
layers were washed with water (2 x 50 ml) and brine (50ml), dried (MgS0 4 ) and 
5 concentrated in vacuo. 

Flash column chromatography (petrol:ethyl acetate 4:1) afforded Z- 1-(3’,4’,5’- 
triethoxyphenyl>2-(3”-hydroxy-4”-methoxyphenyl)ethene 31a as a colourless oil 
(0.08 g, 46%). Rf = 0.24. ^ (300 MHz) 1.34 (9 H, m, 3 x CH 2 CH 3 ), 3.87 (3 H, s, 

10 OCHj), 3.92 (4 H, q, J = 7.2, 2 x CH,), 4.06 (2 H, q, J = 7.2, CH^, 6.40 (1 H,d,J = 
12.43, olefinic H), 6.45 (1 H,d,/= 12.4, olefinic H), 6.50 (2 H, s, ArH 2,6), 6.75 (1 
H, d, J= 8.1, ArH ortho to OMe), 6.79 (1 H, dd ,J= 8.7, 1.88, ArH para to OH), 6.91 
(1 H, d, J = 1 .9, ArH ortho to OH). M\ 358. 




Further elution afforded E - 1 -(3 ’ ,4 ’ ,5 ’ -triethoxyphenyl)-2-(3 ’ ’ -hydroxy-4 ’ ’ - 
methoxyphenyl)ethene 31b (0.09 g, 46.6%) as white crystals, mp: 91-92°C; Rf = 

0.1 1. 5h (300 MHz) 1.37(3 H, t, J = 6.0, CH 3 ), 1.46 (6H,t,J = 6.4, 2 x CH,), 3.92 (3 
20 H, s, OCHj), 4.12 (6 H, m, 3 x CH 2 ), 6.71 (2H,s,H 2, 6), 6.84 (1 H, d, /= 7.8, ArH 
ortho to OMe), 6.85 (1 H,d,/= 15.5, olefinic H), 6.91 (1 H, dd, J= 7.9, 2.26, ArH 
para to OH), 7.1 1 (1 H, d, J = 15.5, olefinic H), 7.13 (lH,d,J= 2.3, ArH ortho to 
OH). M\ 358. 
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Z- and jE’-l-(3’,4 , ,5 , -triethoxyphenyI)-2-(3”-fluoro-4 ,, -methoxyphenyI)ethene, 
32a, 32b 

To a slurry of 3,4,5-triethoxybenzylphosphonium bromide 29 (2 g, 3.24 mmol) in 
THF (30 ml) was added n-butyllithium (2.5 ml of 1.6 M solution in hexanes, 4 mmol) 
at -1 5 °C under argon. The red anion was stirred for 20 min and 3-fluoro-4- 
methoxybenzaldehyde (0.50 g, 3.24mmol) was added. The resultant solution was 
stirred for 1 h and water (10 ml) was carefully added. The aqueous layer was 
separated and extracted with ethyl acetate (3 x 100 ml). The combined organic layers 
were washed with water (2 x 100 ml) and brine (100 ml), dried (MgS0 4 ) and 
concentrated in vacuo. 

Flash column chromatography (SiO* petrolrethyl acetate 20:1) afforded the cis 
-stilbene 32a as apale yellow oil (0.35 g, 29%), Rf= 0.16; 8 H (300 MHz) 1.35 (9 H, 
m, 3 x CH 3 ), 3.87 (3 H, s, OCH 3 ), 3.92 (4 H, q, J = 6.8, 2 x CH^, 4.07 (2 H, q, J = 

7.2, CHj), 6.41 (1 H, d, J= 12.4, olefinic H), 6.47 (1 H, d, J = 12.4, olefinic H), 6.47 
(2 H, s, ArH 2,6), 6.84 (1 H, t, J = 8.7, ArH ortho to OMe), 7.00 (1 H, dd, J = 8.7, 

1.5, AiHpara to F), 7.05 (1 H, d, J = 12.1, 1.5, ArH ortho to F). M\ 360. 

Further elution afforded the trans isomer 32b (0.27 g, 23 %) as white needles mp:97- 
99°C; Rf = 0.22; ^ (300 MHz) 1 .38 (6 H, t, J = 7.2, 2 x CH 3 ), 1 .46 (3H, t ,J= 7.2, 
CH 3 ) 3.92 (3 H, s, OCH 3 ), 4.12 (6 H, m, 3 x CH^, 6.71 (2 H, s, H 2,6) 6.91 (I H, d, J 
= 15.5, olefinic H), 6.94 (1 H, t, J= 8.7, ArH ortho to OMe), 6.95 (1 H, d, J = 15.5, 
olefinic H), 7.17 (1 H, dd, 8.7, 2.3 ArH para to F), 7.25 (1 H, dd,J= 12.0, 2.3, 

ArH ortho to F). M*, 360. 

Example 4: Boc-combretastatin compounds 

Boc-Phenylalanine combretastatin A-4, 33 

To a stirred solution of /-butoxycarbonyl-phenylalanine (168 mg, 0.634 mmol), 
dicyclohexylcarbodiimide (157 mg, 0.76 mmol), N,N- 4-dimethylaininopyridine (8 
mg, 61 pmol) in dichloromethane (15 ml) imder nitrogen at room temperature in the 
dark was added combretastatin A-4 (1) (200 mg, 0.633 mmol). After stirring for 48 h, 
the mixture was filtered, evaporated and the residue chromatographed on silica using 
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petroleum (bp 40-60°C)/ethyl acetate 4:1 to afford the title ester (33) as a clear gum 
(143 mg, 40%). 3364 (NH); 1766, 1716 (C=0). 8 H 7.22 (5 H, m, phenylalanine 

ArHs); 7.1 1 (1H, dd, J= 8.1, 2.0, H para to O ester); 6.95 (1 H, d, J= 2.0, H ortho to 
O ester); 6.83 (1 H, d, J- 2.0, H meta to O ester); 6.40, 6.50 (4 H, 2 s, olefinic Hs, A- 
5 ring Hs); 5.07 (1 H, broad, NH); 4.80 (1 H, m, H-a); 3.80, 3.70, 3.66 (12 H, 3 x s, 4 x 
OMe);3.35 - 3.08 (2 H, m, CH^; 1.40 (9 H, s, 3 x CH 3 ). 241; 271; 305. m/z 463 

(35%, M + H - BOC); 317 (100). 
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The other BOC compounds 34 - 44 were made using the above method. 




BOC = /-butoxycarbonyl. 
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Example 5: Benzoquinone compounds 

2-Methoxy-5-[(Z)-2-(3’,4’,5’-trimethoxyphenyl)-vinyl]-[l,4]beiizoquinone 97-96 
To amixture of Aliquat 336 (0.181 ml, 1.25 equiv) and NaH 2 P0 4 .H 2 0 (323 mg, 2.34 
mmol) in water (100 ml) was added a solution of combretastatin A4 (1) (100 mg, 

0.3 1 6 mmol) in dichloromethane (7 ml). Fremy’s salt (potassium nitrosodisulfonate) 
(212 mg, 0.8 mmol) was added and the mixture shaken for 30 min. (Colour changes 
from mauve to red). The dichloromethane was collected and the aqueous fraction 
extracted with dichloromethane (3x10 ml). The combined organic phases were 
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